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Abstract The somatic chromosome number and detailed chromosome morphology have been studied 
in eleven species of Ranunculus and five species of its four related genera, all from China, namely 
Callianthemum pimpinelloides (D. Don) Hook. f. et Thoms. (2n = 4х = 32), Adonis brevistyla 
Franch. (2n 22x = 16), Ranunculus potaninii Kom. (2n = 4x = 32), R. popovii var. stracheya- 
nus (Maxim.) W. T. Wang (2n = 4x = 32), К. tanguticus ( Maxim.) Ovez. (2n = 4x = 32), 
R. nematolobus Hand.-Mazz. (2n = 2х = 16), R. sceleratus L. (2n = 4x 2 32), R. ficariifolius 
Lévl. et Vant. (2n = 4х = 32), R. japonicus Thunb. (2n = 2х 214), R. laetus Wall. (2n = 2x 
= 14), R. trigonus Hand.-Mazz. (2n = 2x = 16), R. sinavaginatus W. T. Wang (2n = 4x = 
32), R. chinensis Bunge (2n = 2x = 16), Halerpestes tricuspis ( Maxim.) Hand.-Mazz. (2n = 4x 
= 32), H. sarmentosa (Adams) Kom. (2n = 4х = 32) and Batrachium bungei (Steud.) L. Liou 
(2n = 2х = 16; 2n = Зх = 24). From the chromosomal data relationships of the five genera and of 
some species within Ranunculus are discussed. 
Key words Ranunculaceae; Callianthemum C. A. Meyer; Adonis L.; Ranunculus L.; Haler- 
pestes Е. Greene; Batrachium S. F. Gray; Chromosome number; Karyotype 


1 Introduction 


Ranunculus L. (Ranunculaceae) is a large genus of about 600 species from both hemispheres 
(Tamura, 1995). In China, 122 species have been recorded in this genus ( Yang, 2000; Liao & 
Xu, 1997; Wang, 1995a, 1995b). 

Cytological studies in Ranunculus have been reported in various countries (e.g. Diosdado & 
Pastor, 1993; D' Ovidio & Marchi, 1990; Kapoor, 1981; Goepfert, 1974; Kapoor & Live, 1970; 
Kurita, 1957, 1955; Coonen, 1939). The Chinese species of Ranunculus , however, are cytologi- 
cally poorly known. Only 19 species from China have had reports of chromosome numbers ( Yang, 
2000; Liao & Xu, 1997; Liao et al., 1996; Sha et al., 1995; Yang et al., 1994; Fujishima, 
1991; Liao & Chen, 1991; Liao et al., 1991), of which 14 have had reports of chromosome mor- 
phology. 

This paper is to report the chromosome number and morphology of 11 species in Ranunculus 
and five in its four more or less related genera, including Callianthemum , Adonis, Halerpestes and 
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Batrachium . This is envisaged as a pilot study of the cytology of the Chinese species of Ranunculus 
and its related genera upon which further investigations involving more species can be based. 


2 Material and Methods 


All the plants studied were collected in the field from Yunnan, Sichuan and Qinghai of China 
(Table 1). They were cultivated in pots in the experimental garden of Kunming Institute of Botany, 
the Chinese Academy of Sciences, before their root tips were harvested for the cytological study, but 
with the aquatic Batrachium bungei being an exception, in which the roots were directly collected in 
the wild, as this plant was not successfully transplanted to Kunming. Actively growing root tips were 
pretreated in 0.1% colchicine at about 20°C for three hr before they were fixed in Carnoy I (gla- 
cial acetic acid: absolute ethanol = 1:3) at 4°C for 30 min, then they were macerated in 1:1 mix- 
ture of 1 mol/L hydrochloric acid and 45% acetic acid at 60% for two min, and stained and 
squashed in 1% aceto-orcein. 

Karyotype formulas were based on the data of measurements of mitotic metaphase chromosomes . 
The symbols used to describe the karyotypes followed Levan et al . (1964). The karyotype classifi- 
cation followed Stebbins (1971) . 

Table 1 Chromosome counts and source of material studied 
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Taxon Provenance Voucher 2n 
Callianthemum Huadianba, Cangshan Mt., Dali , Yunnan Q. E. Yang 94-14 32 
pimpinelloides Zhongdian , Yunnan X. Gong 92-47 32 

Heibaishui, Yulongshan Mt. , Lijiang, Yunnan Q. E. Yang 94-130 16 

Adonis brevistyla Xiaozhongdian, Zhongdian, Yunnan Q. E. Yang & H. Z. Kong 
98-136 | 6 
Ranunculus potaninii Bitahai, Zhongdian, Yunnan X. Gong 92-60 32 
e NS siracheya | Y akou, Datong, Qinghai Q. E. Yang 95-34 32 
К. tanguticus Zhegushan Mt. , Lixian, Sichuan Y. B. Luo 64 32 
R. nematolobus Xiaohuadianba, Cangshan Mt. , Dali, Yunnan | Q. E. Yang 94-05 16 
R. sceleratus Xiaocaiyuan, Kunming, Yunnan Q. E. Yang 94-57 32 
Huadianba, Cangshan Mt., Dali, Yunnan Q. E. Yang 94-29 32 

R. ficariifolius Kena, Weixi, Yunnan Q. E. Yang & H. Z. Kong 
98-203 32 
"Pu Yaan, Sichuan Q. E. Yang 93-01 14 
Mone Baizhuang, Xunhua, Qinghai Q. E. Yang 95-12 14 
R. laetus Huadianba, Cangshan Mt. , Dali , Yunnan Q. E. Yang 94-17 14 
R. trigonus Yulongshan Mt. , Lijiang, Yunnan Q. E. Yang 94-140 16 
Baimangshan Mt., едеп, Yunnan Q. E. Yang 94-82 2 
К. sinovaginatus Yulongshan Mt. , Lijiang, Yunnan X. Gong 92-19 32 
Napahai, Zhongdian, Yunnan X. Gong 92-31 32 
Е. chinensis Heilongtan, Kunming, Yunnan “TQ. E. Yang 94-62 16 
Halerpestes tricuspis Guashizhe, Tongren, Qinghai Q. E. Yang 95-18 32 

Я . E. Yang & Н. Z. К 
Н. sarmentosa Zhongdian, Yunnan M чё oe 2 
Batrachium bungei Zhongdian, Yunnan 9, io Yang & Н. Z. Kong 16,24 
ا‎ 
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The voucher specimens were deposited in the Herbarium of Institute of Botany, the Chinese 
Academy of Sciences (PE). The taxonomic treatment of the genus Ranunculus followed Wang 
(1995a, 1995b) and of the genus Halerpestes followed Wang (1995c, 1986). 


3 Results 


3.1 Callianthemum C. A. Meyer 
3.1.1 C. pimpinelloides (D. Don) Hook. f. et Thoms. 

This species is distributed in SW China' s Sichuan, Yunnan, Xizang (Tibet) and NW China' s 
Qinghai, as well as in Nepal, Sikkim and N India, growing in alpine meadows at altitudes of over 
3200 m. Two populations in NW Yunnan, one from Dali and the other from Zhongdian, were exam- 
ined. Both populations were found to be tetraploids with the chromosome number of 2n = 4x = 32 
(Figs.1 ~ 3), a new count for this species. Yang and Wu (1993), and Vir Jee and Kachroo 
(1985) reported the number of 2n = 16 for this species from the Hohxil Region of NW China’ s 
Qinghai and the Kashimir Himalaya respectively . 

The karyotypes of the two populations examined were essentially uniform, consisting of 24 me- 
dian-centromeric (m) and 8 subterminal-centromeric (st) chromosomes (2n = 4x = 24m + 8st) 
(Figs. 2, 3) and belonging to Stebbins’ 2B type. The chromosomes ranged from 5.4 ~ 2.1 um in 
length, their mean length being 3.9 um. Yang and Wu (1993) reported the diploid karyotype as 
consisting of 6 median-centromeric and 10 submedian-centromeric (sm) chromosomes, showing that 
the tetraploid karyotype was not a simple doubling of the diploid one. Kurita (1958b) reported the 
chromosome number of 2n = 32 and a very similar karyotype for C. insigne from Japan but 2n = 16 
and a karyotype consisting of 12 m and 4 sm chromosomes for С. hondoense, also from Japan. 
3.2 Adonis L. 

3.2.1 A. brevistyla Franch. 

This species is distributed in China's Xizang, Yunnan, Sichuan, Gansu, Shaanxi and 
Shanxi, as well as in Bhutan. Two populations in NW Yunnan, one from Lijiang and the other from 
Zhongdian, were examined. Both populations were found to be diploids with the chromosome num- 
ber of 2n = 2x = 16( Figs. 4 ~ 7). Their karyotypes were very similar, consisting of 8 median-cen- 
tromeric, 2 submedian-centromeric and 6 subterminal-centromeric chromosomes (Figs. 6, 7) and 
belonging to Stebbins' s 2A type. It should be noted that the arm ratio of the 6 subterminal-centro- 
meric chromosomes (ranging from 3.1 ~ 3.2) is only a little higher than the critical value of the arm 
ratio (3.0) between the submedian-centromeric and subterminal-centromeric chromosomes. In the 
fourth chromosome pair satellites were observed on the short arms. The karyotype was formulated as 
2n = 2x = 8m + 2sm + 6st(2sat). The chromosomes ranged from 10.8 ~ 7.9 pm in length, their 
mean length being 9.3 ит. Yang and Wu (1993) reported the karyotype of A. coerulea Maxim. as 
consisting of 6 m and 10 sm chromosomes, in which no satellite was observed. Suda and Herai 
(1991) found that A. amurensis Regel et Radde always has two chromosome pairs (the fifth and the 
sixth) with satellites on the short arms. The chromosomes of A. brevistyla is worthy of a re-exami- 
nation to determine if satellited chromosomes are really absent in this species, as such chromosomes 
may be used as cytological marker of the genus Adonis . 

3.3 Ranunculus L. 
Subgen. Ranunculus sect. Auricomus (Spach) Schur 
In Wang’ s classification of the Chinese Ranunculus (Wang, 1995a,1995b) , sect. Auricomus 
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(Spach) Schur ineludes 12 series. The following four species all belong to ser. Tangutici Ovez. 
3.3.1 R. potaninii Kom. 

This species is distributed in China's SW Gansu, S Sichuan, NW Yunnan and SE Xizang as 
well as in Nepal. One population from Yunnan was examined and found to be tetraploid with the 
chromosome number of 2n = 4x = 32( Figs. 8, 14). The chromosomes ranged from 5.5 ~ 3.6 um in 
length, their mean length being 4.4 um. The karyotype consisted of 10 median-centromeric, 6 sub- 
median-centromeric, 12 subterminal-centromeric and 4 terminal-centromeric (t) chromosomes (Fig. 
14) and belonged to Stebbins’3A type. The karyotype was formulated as 2n = 4x = 10m + 6sm + 
12st + 4t. 

3.3.2 R. popovii var. stracheyanus (Maxim.) W. T. Wang 

This variety is distributed in N and NW China as well as in Nepal and NW India. One popula- 
tion from Qinghai was examined and found to be tetraploid with the chromosome number of 2n = 4x 
= 32 (Figs. 9, 15). The chromosomes were quite small and ranged from 3.5 ~ 1.6 um in length, 
their mean length being 2.4 pm. The karyotype consisted of 24 median-centromeric and 8 submedi- 
an-centromeric chromosomes (Fig. 15) and belonged to Stebbins’ 2B type. The karyotype was for- 
mulated as 2n = 4x = 24m + 8sm. Kurosawa (1971) reported the number of 2n = 48 for this variety 
from the Singalila Range of the eastem Himalaya under the name R. pulchellus С. A. Meyer var. 
stracheyanus (Maxim.) Hand.-Mazz. 

3.3.3 R. tanguticus (Maxim. ) Ovcz. 

This species is widely distributed in SW and N China, as well as in Nepal and N India, grow- 
ing in alpine meadows. One population from Sichuan was examined and found to be tetraploid with 
the chromosome number of 2n = 4x = 32 (Figs. 10, 16). The chromosomes were quite small and 
ranged from 3.3 ~ 1.3 ит in length, their mean length being 2.3 ит. The karyotype consisted of 
24 median-centromeric and 8 submedian-centromeric chromosomes (Fig. 16) and belonged to Steb- 
bins’ 2B type. The karyotype was formulated as 2n = 4x = 24m + 8sm. I have also examined the 
chromosomes of this species from S Qinghai and NW Yunnan and found the number to be also 2n = 
32, but the preparations are not good enough to allow making a karyotype analysis so the results are 
not given here. 

3.3.4 R. nematolobus Hand.-Mazz. 

This species is endemic to Yunnan, growing in alpine meadows. One population was examined 
and found to be diploid with the chromosome number of 2n = 2x = 16 (Figs. 11, 17). The chromo- 
somes ranged from 4.6 ~ 2.9 um in length, their mean length being 3.9 pm. The karyotype con- 
sisted of 6 median-centromeric and 10 submedian-centromeric chromosomes (Fig. 17) and belonged 
to Stebbins’ 3A type. The karyotype was formulated as 2n = 2x = 6m + 10sm. 

Sect. Hecatonia (Lour. ) DC. 

This monotypic section includes only the following one species. 

3.3.5 R. sceleratus L. 

This species is very widely distributed in the world. One population from Yunnan was examined 
and found to be tetraploid with the chromosome number of 2n = 4x = 32(Figs.12, 18), confirming 
the previous reports for materials from Korea (Fujishima, 1996) , Japan (Fujishima, 1990; Kurita, 
1960), China (Liao et al., 1991) , Canada (Kapoor, 1981; Goepfert, 1974) , Europe (Goepfert, 
1974) and the United States of America (Coonen, 1939). The karyotype consisted of 20 median- 
centromeric and 12 submedian-centromeric chromosomes (Fig. 18), and belonged to Stebbins’ 2B 
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type. The karyotype was formulated as 2n = 4x = 20m + 12sm. The chromosomes ranged from 4.0 ~ 
1.7 am in length, their mean length being 2.9 um. Kapoor (1981) found that prominent secondary 
constrictions are present on the short arms of the first and fifth chromosome pairs in the karyotype 
while Fujishima (1996, 1990) found that the 15th chromosome pair has satellites on the short arms, 
but in this study neither satellited nor secondarily constricted chromosomes were observed. Liao et 
al. (1991) did not also observe such chromosomes in material from Jiangxi, China. Goepfert 
(1974) noted that this species has the smallest chromosomes in the genus Ranunculus. From the 
present results its chromosomes are slightly larger than those of R. tanguticus and of R. popovii 
var. stracheyanus as well. 

Sect. Ficariifolium L. Liou 

This section includes two species. The following one species is here studied. 

3.3.6 R. ficariifolius Lévl. et Vant. 

This species is distributed in China's Yunnan, Guizhou, Sichuan, Hubei, Hunan and Jiangxi 
as well as in Bhutan, Sikkim, Nepal and N India. Two populations in NW Yunnan, one from Dali 
and the other from Weixi, were examined and found to be tetraploids with the chromosome number of 
2n = 4x = 32 (Figs. 13, 19, 20). The chromosomes ranged from 5.3 ~ 1.8 um in length, their 
mean length being 3.1 um. Their karyotypes were very similar, consisting of 16 median-centromeric 
and 16 submedian-centromeric chromosomes (Figs. 19, 20) and belonging to Stebbins’ 2B type. 
The karyotype was formulated as 2n = 4х = 16m + 16sm. 

Sect. Ranunculus 

This section includes 3 series. Three species in ser. Ranunculus and two species in ser. Re- 
pentes W. T. Wang are here studied. 

Ser. Ranunculus 
3.3.7 R. japonicus Thunb. 

This species is one of the commonest Ranunculus species in China. It is also distributed in Ko- 
rea, Japan and Siberia of Russia. Two populations, one from Sichuan and the other from Qinghai, 
were examined and found to be diploids based on x = 7(2n = 2x = 14) (Figs. 21, 22, 27, 28). 
The chromosomes ranged from 7.4 ~ 4.0 pm in length, their mean length being 5.1 jm. Their 
karyotypes were very similar, consisting of 6 median-centromeric, 4 submedian-centromeric and 4 
subterminal-centromeric chromosomes (2n = 2x = бт + 4sm + 4st) (Figs. 27, 28) and belonging to 
Stebbins’3A type, but in the population from Qinghai, a satellite was observed on the short arm of 
the 14th chromosome (Fig. 28). This species has been extensively studied cytologically (Yang et 
al., 1994; Liao & Chen, 1991; Fujishima, 1986; Kurita 1957, 1955; Hara & Kurosawa, 1956). 
Its chromosome number of 2n = 14 is usually constant, but up to 11 B chromosomes have been 
found in some populations and the B chromosome number is variable between and within the popula- 
tions, even among the roots of the same plant individual (Fujishima, 1986). The chromosome mor- 
phology is generally also stable, but the satellites, which are always attached to the short arms of the 
sixth chromosome pair, are of some variation in size between and within populations ( Fujishima, 
1986). 

3.3.8 R. laetus Wall 

This species is distributed in China's Yunnan and Xizang as well as in India. One population 
from Yunnan was examined and found to be diploid based on x = 7 (2n =2х= 14) (Figs. 23, 
29). The chromosomes ranged from 7.0 ~ 3.6 um in length, their mean length being 4.8 um. The 
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karyotype of this species is very similar to that of its close relative, R. japonicus , consisting of 6 
mediam centromeric, 4 submedian-centromeric and 4 subterminal-centromeric chromosomes ( Fig. 
29) and belonging to Stebbins’ 3A type. The karyotype was formulated as 2n = 2x = 6m + 4sm + 
4st. No satellited chromosome was observed. It is noteworthy that Roy and Sharma (1971) reported 
the number of 2n = 4x = 28 for this species from India. 

3.3.9 R. trigonus Hand.-Mazz. 

This species is distributed in Sichuan and Yunnan. One population from Yunnan was examined 
and found to be diploid with the chromosome number of 2n = 2x = 16( Figs. 24, 30). The chromo- 
somes ranged from 5.0 ~ 4.0 um in length, their mean length being 4.6 um. The karyotype con- 
sisted of 6 median-centromeric, 6 submedian-centromeric and 4 subterminal-centromeric chromo- 
somes (Fig. 30) and belonged to Stebbins'3A type. The karyotype was formulated as 2n = 2x = бт 
+ 6sm + 4st. 

Ser. Repentes W. T. Wang 
3.3.10 К. sinovaginatus W. T. Wang 

This species is distributed in Yunnan, Sichuan, Guizhou, Gansu and Shaanxi. Three popula- 
tions from Yunnan were examined and all found to be tetraploids with 2n = 4x = 32 (Figs. 26, 32 ~ 
36 ). The chromosomes ranged from 5.3 ~ 3.5 um in length, their mean length being 4.2 um. 
Their karyotypes seemed to be more or less different from each other with respect to the chromosome 
morphology. The karyotype of the population from Baimangshan Mt. , Degen (Q. E. Yang 94-82), 
consisted of 10 median-centromeric, 10 submedian-centromeric and 12 subterminal chromosomes 
(2n = 4x = 10m + 10sm + 12st) (Fig. 32). There existed obvious heteromorphy between the first 
and the second chromosome pairs. The karyotype of the population from Yulongshan Mt. , Lijiang 
(X. Gong 92-19) consisted of 10 median-centromeric, 4 submedian-centromeric, 14 subterminal- 
centromeric and 4 terminal-centromeric chromosomes (2n = 2x = 10m + 4sm + 14st + 4t) (Fig. 
35). There existed obvious heteromorphy between the 11th and the 12th chromosome pairs. The 
karyotype of the population from Napahai, Zhongdian (X. Gong 92-31), consisted of 10 median- 
centromeric, 2 submedian-centromeric, 16 subterminal-centromeric and 4 terminal-centromeric 
chromosomes (2n = 4x = 10m + 2sm + 16st + 4t) (Fig. 36). There existed obvious heteromorphy 
between the second and the third chromosome pairs. The karyotypes of the three populations all be- 
longed to Stebbins’ 3A type. 

3.3.11 R. chinensis Bunge 

This species is very widely distributed in China as well as in N Pakistan, NE India, Bhutan, 
Japan, Korea, Mongolia and Siberia of Russia. One population from Yunnan was examined and 
found to be diploid with 2n = 2x = 16(Fig. 25, 31 ), confirming the count reported by Sha et al. 
(1995). The chromosomes ranged from 3.9 ~ 2.6 um in length, their mean length being 3.5 pm. 
The karyotype consisted of 6 median-centromeric and 10 subterminal-centromerie chromosomes (Fig. 
31) and belonged to Stebbins’ ЗА type. The karyotype was formulated as 2n = бт + 10st. 

3.4 Halerpestes E. Greene 
3.4.1 Н. tricuspis (Maxim. ) Hand. -Mazz. 

This species is distributed in China's Xizang, Qinghai, Gansu, S Ningxia, SE Xinjiang and 
Yunnan as well as in Nepal. One population from Qinghai was examined and found to be tetraploid 
with the chromosome number of 2n = 4x = 32 (Figs. 37, 39). The chromosomes ranged from 5.2 ~ 
3.0 um in length, their mean length being 4.1 um. The karyotype consisted of 16 median-centro- 
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meric, 4 submedian-centromeric and 12 subterminal-centromeric chromosomes (Fig. 39) and be- 
longed to Stebbins’ 2A type. The karyotype was formulated as 2n = 4x = 16m + 4sm + 12st. 
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Figs. 1-3 Photomicrographs of chromosomes and karyograms of two populations in 
Callianthemum pimpinelloides (D. Don) Hook. f. et Thoms 
1, 2. Population from Dali (Q. E. Yang 94-14); 3. Population from Zhongdian (X. Gong 9247). (all x 1940) 


3.4.2 H. sarmentosa (Adams) Kom. 

This species is distributed in China, Mongolia and Russia’ s Siberia. One population from 
Yunnan was examined and found to be tetraploid with the chromosome number of 2n = 4x = 32 
(Figs. 38, 40). The chromosomes ranged from 5.0 ~ 2.6 pm in length, their mean length being 
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Figs. 4~7 Photomicrographs of chromosomes and karyograms of two populations in Adonis brevistyla Franch 4,6. Population 
from Lijiang (Q. E. Yang 94-130); 5,7. Population from Zhongdian (Q. E. Yang & H. Z. Kong 98-136). (all x 1940) 


3.7 pm. The karyotype consisted of 16 median-centromeric, 4 submedian-centromeric and 12 sub- 
terminal-centromeric chromosomes (Fig. 40) and belonged to Stebbins’ 2A type. The karyotype was 
formulated as 2n = 4x = 16m + 4sm + 12st. 
3.5 Batrachium S. F. Gray 
3.5.1 В. bungei (Steud.) L. Liou 

This species is distributed in N, E and SW China. One population from Yunnan was exam- 
ined, in which two cytotypes were found, the diploid with 2n = 16 (Figs. 41, 43) and the triploid 
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Figs.8~ 13 Photomicrographs of chromosomes in six species of Ranunculus 8. R. potaninii Kom. ; 9. R. popovii var. 
stracheyanus (Maxim. ) W. T. Wang; 10. R. tanguticus (Maxim. )Ovez.; 11. К. nematolobus Hand.-Mazz. ; 
12. R. sceleratus L.; 13: R. ficariifolius Lévl. et Vant. (all x 1940) 
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Figs.14~20 Karyograms in six species of Ranunculus 14. R. potaninii Kom.; 15. R. popowi var. str 


'acheyanus 
(Maxim. ) W. T. Wang; 16. R. tanguticus (Maxim. )Ovez. ; 17. Ё. nematolobus Hand.-Maz;.; 18. R. sceleratus L. ; 


19. R. ficariifolius Lvl. et Vant. (population from Dali, Q. E. Yang 94-29); 20. R. ficariifolius Léxl. et Vant. 
( ) 


population from Weixi, Q. E. Yang & Н. Z. Kong 98-203 ). (all x 1940 
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Figs. 21 ~26 Photomicrographs of chromosomes in five species of Ranunculus 21. R. japonicus Thunb. (population 
from Sichuan, Q. E. Yang 93-01); 22. R. docti (popula iie be Qir gai. 9 E. , eng 95-12); 
23. R. laetus Wall.; 24. R. trigonus Hand.-Mazz. ; 25. 
W. T. Wang (population from Deqen, Yunnan, Q. E, Yang 94- ri pe 1940) 
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Figs. 27 ~ 32 Кагуортал in five species of Ranunculus 27. R. japonicus Thunb. (population from Sichuan, Q. E. Yang 
93-01); 28. R. japonicus Thunb. (population from Qinghai, Q. E. Yang 95-12); 29. R. laetus Wall. ; 
30. R. trigonus Hand.-Mazz.; 31. R. chinensis Bunge; 32. R. sinovaginatus W. T. Wang 
(population from Degen, Yunnan, Q. E. Yang 94-82). (all x 1940) 


with 2n = 24( Figs. 42, 44). The diploid cytotype seemed to be commoner than the triploid one in 
the population but for a further clarification of the cytotype distribution within and between popula- 
tions of this species, a detailed research using more exact sampling method must be carried out. The 
chromosomes ranged from 5.0 ~ 2.6 pm, their mean length being 3.7um. The karyotype of the dip- 
loid cytotype consisted of 6 median-centromeric and 10 submedian-centromeric chromosomes (2n = 
2x = бш + 10sm) (Fig. 43) and belonged to Stebbins'2A type, and that of the triploid one consist- 
ed of 9 median-centromeric and 15 submedian-centromeric chromosomes (2n = 3x = 9m + 15sm) 
(Fig. 44). Although the seventh and eighth chromosome pairs in the diploid karyotype are de- 
scribed as sm, their arm ratio was fairly high, almost reaching 3.0. 
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Figs. 37 ~ 40 Photomicrographs of chromosomes and karyograms in two species of Halerpestes 37, 39. Н. tricuspis 
(Maxim. ) Hand. -Mazz. ; 38, 40. H. sarmentosa ( Adams)Kom. (all x 1940) 


4 Discussion 

4.1 Among the eleven species of Ranunculus and five species of its four related genera studied, 
two species, Ranunculus japonicus and R. laetus, are diploids based on x = 7 (2n = 14), four 
species, Adonis brevistyla, R. nematolobus , R. trigonus and R. chinensis , are diploids based on 
х= 8 (2n = 16), nine species, Callianthemum pimpinelloides, R. potaninii, R. popovii var. 
stracheyanus, R. tanguticus, R. sceleratus, R. ficarüfolius, R. sinovaginatus , Halerpestes tri- 
cuspis and Н. sarmeniosa , are tetraploids based on x = 8 (2n = 32), and one species, Batrachium 
bungei, has diploid and triploid cytotypes based on x = 8 (2n = 16, 24). 

4.2 In karyotypic features, particularly in chromosome size and karyotypic symmetry, Adonis bre- 
vistyla seems to be well distinguished from the other species studied. Its chromosomes are obviously 
larger (10.8 ~ 7.9 um) than those of the other species, and its karyotype is the most symmetric one 
among the species studied, belonging to Stebbins’ 2A type. Tamura (1995) put Adonis and Calli- 
anthemum together into the tribe Adonideae of the subfamily Ranunculoideae and considered that 
they may be considerably isolated from other members of the Ranunculoideae. Tamura’ s viewpoints 
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Figs. 41 ~ 44 Photomicrographs of chromosomes and karyograms in Batrachium bungei (Steud. ) L. Liou 
41, 43. Diploid; 42, 44. Triploid. (all x 1940) 


are partly supported by this study. My results show that cytologically Adonis can be indeed readily 
differentiated from Ranunculus, Halerpestes and Batrachium, three members in the tribe Ranun- 
culeae DC., and also from Callianthemum , a genus which is usually considered to be closely relat- 
ed to Adonis. The chromosomes of Callianthemum , Ranunculus , Halerpestes and Batrachium are 
basically similar in size among the genera, though even within Ranunculus the chromosomes show a 
considerable variation in size among the species. The relatively large size of the chromosomes and 
the fairly symmetric karyotype in Adonis suggest that this genus should be a primitive member in the 
Ranunculoideae. In the Ranunculaceae, advanced species or genera seem to be characterized by 
asymmetric karyotypes (Levitsky, 1931) and/or small chromosomes (Kurita, 1958a) while primitive 
species or genera by symmetric karyotypes and/or large chromosomes . 

4.3 Although the chromosomes of Callianthemum , Ranunculus , Halerpestes and Batrachium are 
similar in size, and the species here studied in Ranunculus , particularly in Callianthemum , Haler- 
pestes and Batrachium are too few to allow making a detailed comparison of karyotypes of these gen- 
era, a glance at the karyograms of the five tetraploid species with very similar chromosome size, 
namely C. pimpinelloides (Figs. 2,3), R. popovii (Fig. 14), R. sinovaginatus (Figs. 32, 35, 
36), H. tricuspis (Fig. 39) and H. sarmentosa (Fig. 40) clearly shows the intergeneric differ- 
ences in the karyotypic composition of Callianthemum , Ranunculus and Halerpestes . The distinction 
of the genus Batrachium as a separate unit, however, does not receive support from the observations 
on the size and morphology of the chromosomes. Batrachium is often treated as a subgenus of Ra- 
nunculus (Diosdado, Pastor, Valdés, 1993; Dahlgren, 1991;Cook, 1966). Goepfert pointed out 
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that the chromosomes of Batrachium are similar to those of Ranunculus sect. Hecatonia in size, and 
as such, Diosdado, Pastor and Valdés (1993) considered that there should exist some relationships 
between Batrachium and Ranunculus sect. Hecatonia . The present results have shown that in chro- 
mosome size and morphology Bairachium bungei appears to be more similar to other Ranunculus 
species, such as R. nematolobus , than to R. sceleratus , the only member of sect. Hecatonia . In- 
deed, from chromosomal data it seems that the subgeneric rank may be most appropriate for Batra- 
chium , though its relationships with the members of subgen. Ranunculus should be further studied. 
4.4 The eleven species of Ranunculus studied show a considerable variation in several chromosome 
characteristics such as chromosome size, karyotypic composition and karyotypic symmetry, so it 
seems apparent that a thorough revision of the Chinese Ranunculus might benefit from utilization of 
chromosomal data. Though the chromosomal data of the Chinese species are too limited to be conclu- 
sive for their natural grouping, a few conclusions can be made in connection with the present stud- 
les. 

In Wang' s classification of the Chinese Ranunculus (Wang, 1995a, 1995b), the four spe- 
cies, R. potaninii, R. popovii var. stracheyanus, R. tanguticus and К. nematolobus , all be- 
long to ser. Tangutici Ovez. of sect. Auricomus (Spach) Schur in subgen. Ranunculus, but the 
chromosomes of R. potaninii and R. nematolobus are obviously larger than those of R. popovii 
var. stracheyanus and R. tanguticus , so chromosomal data do not show that the former two species 
are closely related to the latter two. 

Liou (1980) treated R. nematolobus as a variety of R. tanguticus (Maxim. ) Ovez., i.e. 
R. tanguticus var. capillaceus (Franch. ) L. Liou, but Wang (1986) pointed out that R. nema- 
tolobus is markedly different from R. tanguticus in some gross-morphological characters, particularly 
in those of the receptacle and of the androecium and thus should be treated as an independent spe- 
cies. Wang' s treatment is strongly supported by the present results. Cytologically, R. nematolobus 
is different from R. tanguticus not only in chromosome number (2n = 16 vs. 2n = 32) but also in 
chromosome morphology and size. The present results do not also support Kadota' s treatment of re- 
ducing R. tanguticus var. capillaceus (Franch.) L. Liou to R. brotherusii Freyn as a synonym. 
R. brotherusii , as reported by Kurosawa (1971), is a tetraploid with 2n = 32. 

4.5 Kurita (1961) considered that in Ranunculus the chromosomes might evolve towards the de- 
crease in their size. If this is a true representation of the evolutionary trend in chromosome size in 
the Ranunculus , then the species with small chromosomes, such as R. popovii var. stracheyanus , 
R. tanguticus, R. ficarüfolius and R. sceleratus, might be relatively advanced. Their polyploid 
nature also indicates their advanced level in evolution. 

4.6 — Halerpestes tricuspis , a species mainly distributed in the Qinghai-Xizang Plateau, shows great 
variation in the foliar division and shape, based on which four varieties have been recognized 
(Wang, 1995c). Between this species and its two very close allies, Н. lancifolia (Bert.) Hand.- 
Mazz. and H. filisecta L. Liou, there often exist intermediates. The three species may therefore 
constitute a taxonomic complex which is worthy of a further study (Wang, 1995c). The present re- 
sults show that Н, tricuspis is a tetraploid, indicating that this complex may be of a polyploid na- 
ture. 
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HE BIT AP В Ranunculus L. 11 fi KHK 4 MERR RUER Callianthemum С. A. Meyer, 
MERE Adonis L. WEKA Halerpestes E. Greene KERJA Batrachium S. F. Gray 5 PHAM BI 
KEES. 036711 C. pimpinelloides (D. Don) Hook. f. et Thoms. JI E RE R. potaninii Kom. „Ж 
TER R. popovii var. stracheyanus (Maxim.) W. T. Wang ЖЖ @ К. tanguticus (Maxim. ) Ovez. AÈ 
PY R. sceleratus L. HRI EE. R. ficariifolius Lévl. et Vant. Ri EÊ R. sinovaginatus W. T. Wang, ZRI 
EË H. tricuspis ( Maxim.) Hand.-Mazz. MIRER Н. sarmentosa (Adams) Kom. 9 YD ARE REK x 
= 8 HRE (2n = 4x2 32); ЮНЕ ARTE A. brevistyla Franch. 44I ÆR R. nematolobus Hand.-Mazz. . 
EGER R. trigonus Hand.-Mazz. HR R. chinensis Bunge 4 EB Jj He ABER x = 8 HEO = 
2x = 16); В R. japonicus Thunb. REH R. laetus Wall. 2 PARA x= 7 RS {ÊR (2n = 2x 
=14);KÆË В. bungei (Steud.) L. Liou A — ff (2n= 2x= 16) l= fiif (2n = 3x = 24) PURI AHR 
ИН, RHET EXE 5 RH ЭСГЕ А YL RR BIER 
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